The aim of this study was to determine direction, rate and character of the changes in coniferous forest communities caused by anthropogenic stress factors (alkaline emission and imission) changing with time. To fulfil this goal, we have performed comprehensive studies of soils and plants at the study sites located in coniferous forest communities remaining under direct influence of cement and lime industry in the Świętokrzyskie Voivodeship. There were differences in the accumulation of elements in pine needles collected at alkalized sites in comparison with needles from the control site: Ca content was 2.5 times higher and Cu, Pb and Sr contents were 2-3 times higher, while Al and Fe, and Mn contents were twice and 10 times lower respectively. SEM analysis of morphological features of pine needle surface, in particular degree of preservation of epicuticular waxes can be as an indicator of assimilatory organ degeneration caused by dust deposition which induces wax layer erosion. Declining species number and biodiversity, particularly conspicuous at the Sitkówka site, was a general tendency observed over the study period (from 18 to 10 years). Other noticeable processes include slow regenerative changes of the community with a tendency towards higher contribution of acidophilic coniferous forest species with lower light and temperature requirements and suppression of meadow, ruderal and associated taxa. Further studies are required in order to define succession rate and direction of changes in species composition of these communities.
INTRODUCTION
Air pollution caused by acid deposition and photochemical oxidizer poses a serious threat to many ecosystems. In recent years, their effect has been studied in different aspects (e.g. EAGER, ADAMS 1992; GRESZTA et al. 2002; STASZEWSKI 2004) . In contrast, an impact of alkaline deposition on plant communities rarer was the focus of research. The reaction of coniferous forest stands and soils to the pollution of this type was the subject of many-year monitoring studies conducted in the Świętokrzyskie Voivodeship (ŚWIERCZ 2005a) .
The aim of this study was to determine direction, rate and character of the changes in coniferous forest communities caused by anthropogenic stress factors (alkaline particulate emission and imission) changing with time. To fulfill this goal, we have performed comprehensive studies of plants at the study sites: Sitkówka (since 1989), Małogoszcz (since 1997), Ożarów (since 1998), located in coniferous forest communities remaining under direct influence of cement and lime industry in the Świętokrzyskie Voivodeship. The aim of this study was examining of the reaction of vegetation after considerable lowering the alkaline emission and the possibility of return to the composition of typical pine forest communities.
MATERIAL AND METHODS
The studies were conducted at three forest sites located in the vicinity of cement plants in Sitkówka (currently Dyckerhoff Polska Ltd.) Małogoszcz (Lafarge Cement S.A.) and Ożarów (Ożarów Group S.A.; Fig. 1 ). All sites were located at similar distance away from particle emission source, in pine forests of DicranoPinion alliance (degenerative forms), in fresh coniferous forest habitats. The distance of study sites from the Cement Factory (Sitkówka, Małogoszcz, Ożarów) carried out ~ 0,5 km (in the direction on the wind NW-SE).
A.Świercz At all study sites, was analysed Haplic Podzol and Albic Arenosol developed from loose to weakly clayey Pleistocene sands were identified. Phytosociological relevés were recorded and one-and two-year-old needle samples were collected.
Needle samples collected from four Pinus sylvestris trees 40-70 years old were mixed for each site. The samples were dried in a dryer at 40 0 C for 24h, then ground in a Fritsch mill and ashed in an electrical furnace at 450 0 C. Then, the samples were suspended in HCl-HNO 3 , and total contents of selected elements were determined with ICP-AES. The state of needle surface structure was also investigated. Middle parts needles were coated in gold and photographs were taken with a JSM-5400 scanning electron microscope at magnification 2000, 1000, 500 x.
Form each of 4 surfaces 3 one-year and 3 two-year-old needles was taken for SEM examination only selected photographs of needles surfaces was presented in the paper.
Phytosociological relevés were recorded at study sites in: 1990 in: , 2003 in: , 2008 1997 , 2003 , 2008 1998 , 2003 , 2008 , 2003 , 2008 . Quantitative changes in phytocenoses were represented by mean cover-abundance index for a species according to the formula: Iśr = Σp/n, where p is coverage value for a given species according to a 6 point scale (from 5 to Changes in coniferous forest caused by alkaline pressure 232 +), while n is the total number of releves in the table. It was decided that coverage designated by + was 0.5 in order to increase significance of sporadic species which frequently play an important role in succession. Systematic constancy of groups D (PAWŁOWSKI 1977) was calculated for the distinguished groups of syngenetic species, and mean indicator values: light (L), temperature (T), humidity (W), pH (R) and fertility -organic matter content (H) were calculated for every community at each study site (ZARZYCKI at al. 2002) . Phytosociological relevés covering about 400 m 2 was performed on each of surfaces. It was redeated in the next years of investigation in the same sites.
RESULTS AND DISCUSSION
3.1. Pine tree: wax surface structure of needles SEM images of pine needles collected during this study in alkalized areas and examined under 500x and 1000x magnification (Photo 1 and 2) showed a significant loss of the crystalline epicuticular wax network in comparison with needles collected in the control area (Photo 3 and 4). The surface of needles from alkalized area was classified into class III which suggests almost complete decay of wax structure in interstomatal space (according to the classification of TURUNEN et al. 1992) . Deposition of dust aerosols weakened needle health status. The wax layer was discontinued, strongly eroded, locally collapsed while originally crystalline epicuticular wax became amorphic (BAČIĆ et al. 1998; STASZEWSKI 2004; ŚWIERCZ 2005a) . Needles devoid of natural protection were easily attacked by filamentous fungi ( Fig. 3 and 4) . The degradation of needle surface wax structure influenced also their mean lifespan. It was observed that pines growing in alkalized areas shed older needles. According to the studies of MÄKELÄ and HUTTUNENA (1987) Photo 4. Wax layer of 2-year-old pine needle, Wymysłów area (1000x).
type can be classified as arch-shaped or bottom-up type (LESIŃSKI et al. 1992) . SEM image analysis confirmed that wax network structure of pine needles collected from Wymysłów (control area) was well-preserved (Photo 3 and 4). Their crowns were dense with complete needle foliage retained.
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The study presented particulate pollutants deposited on needle surface can cause erosion of the wax structure (GRILL, GOLOB 1983) and clog the surface structures, impairs intensity of gas absorption, decreases intensity of light reaching the surface, thereby limiting intensity of photosynthesis even by up to 30 % (AUCLAIR 1977; LARILAND et al. 1978; GRESZTA et al. 2002) . The natural process of stomata filling with a network of wax fibers begins in the second year of needle life, then it gradually undergoes erosion that lasts up to 4-6 years (TURUNEN, HUTTUNEN 1990 ). Anthropogenic factors including particulate air pollution greatly accelerate wax structure degradation leading to complete decay of stomata filling with crystalline wax network. This process was used by TURUNENA et al. (1992) to develop the method of epicuticular wax assessment. Wax structure was scored according to the 6-point scale: class 0 (undeveloped wax structure), class I (100 % stomatal wax cover) class II (71-100% stomatal wax cover), class III (31-70% stomatal wax cover), class IV (0-30% stomatal wax cover) and class V (0% stomatal wax cover).
Pine tree: total contents of selected elements in needles
Chemical analysis of needles aimed to evaluate nutritional status of trees.
Heavy metal contents were determined to assess degree and range of environmental load with industrial emissions. Mean contents of the elements under study in needles collected at study sites varied in a wide range, depending on sampling site and needle age (Tab. 1). Mean calcium contents showed the greatest variability. Calcium ions are stored in older organs and their contents strongly depend on the concentration in soil. The highest Ca contents in two-year-old pine needles were observed at the Sitkówka study site (mean 10 350 mg/kg d.w.) which has been the longest and the strongest exposed to alkalization. The Ca contents there were 2.5 times higher in comparison with the control site (Wymysłów). Pine needles from alkalized habitats contained also elevated potassium contents and increased concentrations of some heavy metals: copper, lead (3-fold) and strontium. In contrast, contents of several elements: were markedly decreased in needles from Values of pH in pine needles measured in H2O and KCl (median, Tab.1) were elevated at alkalized sites in comparison with the control site. It can be assumed that pH of the needles, like bark, is a good indicator of habitat alkalization (SPOREK 1995; KUPČINSKIENE 2001; ŚWIERCZ 2005b) .
Transformation of forest community -species dynamics
Transformations of species composition of studied forest communities induced by alkalization were investigated in three periods. All studied communities belonged to Dicrano-Pinion alliance, represented fresh coniferous forests growing on podsolic soils and rusty podsolic soils formed on loose to weakly clayey Pleistocene sands. Forty to seventy years old pine trees were the main component of these communities (mean 60 years old). Cover of tree layer did not significantly change throughout the study period 1990 -2008 and amounted to 60 %. Cover of the understory showed greater fluctuations and was slightly lower at alkalized sites (from 36 % at the Ożarów site to 28 % at the Małogoszcz site), while for the control site in Wymysłów it stabilized at 20 % (Fig. 2) . Shrub layer at the transformed sites The number of species and species diversity were the highest at the Sitkówka site where in total 150 species were identified (58 per relevé on average) in 1990.
The number of species showed a regressive tendency when alkaline dust emission to soil decreased. In 2008, the total number of species was 122 (52 species per relevé on average). Similar tendency was observed at the Ożarów and Małogoszcz sites (Fig. 3) . The number of species at control site totaled 40, and the mean ranged from Changes in coniferous forest caused by alkaline pressure 238 Fig. 3 . Changess in the number of species in the studied sites.
A majority of species (from 40% to 62 %) occurring at sites under alkaline pressure were characterized by low constancy values. A small number of species (from 7 % to 9 %) with the highest constancy (group V) indicates labile structure of the community. The contribution of species belonging to the highest constancy groups increased slightly in the period 1990-2008 (Fig. 4) Changes in coniferous forest caused by alkaline pressure 240 Analysis of mean indicator values for full species composition of the communities under study occurring at alkalized sites confirmed elevated significance of species characterized by greater environmental requirements for light, acidity and temperature and lower requirements for humidity and organic matter content in soil (Fig. 5) . Along with the decrease of alkaline deposition to soil, the contribution of thermophilous species preferring full light and higher soil pH values. Long-term and directed vegetation transformations are superimposed on fluctuations induced by variable often difficult to define causes. They may be provoked by weather conditions, particularly water availability, fluctuations in species biology and habitat conditions (BAKER 1990; SOLON, ROO-ZIELIŃSKA 2001; FALIŃSKI 2001) . Species diversity in forest communities is also increased by general environmental factors, like the presence of diaspore sources (DZWONKO, GAWROŃSKI 1994; NIENARTOWICZ et al. 2001) . All studied phytocenoses (except Wymysłów site) are located in the vicinity of human residential quarters and farms Changes in coniferous forest caused by alkaline pressure 244 which also facilitates penetration of alien species, e.g. from fields, and trampling or bringing new species.
CONCLUSIONS
• Reduced cement and lime deposition in soil has the strongest effect on the state of pine assimilatory organs and species composition of forest communities developing under alkaline pressure.
• Older pine needles having accumulated higher heavy metal contents are more useful as indicators for environmental studies.
• There were essential differences in the accumulation of elements in pine needles collected at alkalized sites in comparison with needles from the control site.
• SEM analysis of morphological features of pine needle surface, in particular degree of preservation of epicuticular waxes can be helpful as an indicator of assimilatory organ degeneration caused by dust deposition which induces wax layer erosion.
• Other noticeable processes include slow regenerative changes of the community with a tendency towards an increase in the contribution of acidophilic coniferous forest species with lower light and temperature requirements and suppression of penetration of meadow, ruderal and associated taxa. Further studies are required in order to define succession rate and direction and tendency of changes in species composition of these communities.
